, and between the two strains supported the conclusion that they represent two novel species. Based on phylogenetic analysis and phenotypic and genotypic data, it is concluded that the two isolates belong to the genus Nocardiopsis, and the names Nocardiopsis oceani sp. nov. The genus Nocardiopsis was proposed by Meyer (1976) on the basis of chemotaxonomic and morphological characteristics, and is accommodated in the family Nocardiopsaceae of the suborder Streptosporangineae. Members of the genus Nocardiopsis are distributed ubiquitously in natural environments (Kroppenstedt & Evtushenko, 2002) . The natural habitat of most described strains is soil (Kroppenstedt & Evtushenko, 2002) , but strains have also been isolated from marine environments (Sabry et al., 2004; Chen et al., 2009; Fang et al., 2011; Li et al., 2012) , plant rhizosphere soil (Hamedi et al., 2010) , plant tissue (Qin et al., 2009) , animal guts (Vasanthi & Hoti, 1992) , indoor environments (Peltola et al., 2001) , the atmosphere of a composting facility (Kämpfer et al., 2002) , clinical material (Bernatchez & Lebreux, 1991; Yassin et al., 1997) and saline soils (Li et al., 2003 (Li et al., , 2004 (Li et al., , 2006 Chen et al., 2008 Chen et al., , 2010 . Many recognized species of the genus Nocardiopsis have been found to grow better at moderate temperatures and under mildly alkaline conditions (pH 8.0). Members of the genus Nocardiopsis possess meso-diaminopimelic acid (meso-DAP) as the cell-wall diamino acid, have no characteristic sugar in whole-cell hydroly-sates and have phosphatidylcholine as a characteristic phospholipid.
To investigate actinobacterial diversity from marine sediments, strains 10A08A T and 10A08B T were isolated from a sample collected from the South China Sea (138 58.4989 N 1138 2.3539 E) at a depth of 2460 m. They were characterized using a polyphasic approach to clarify their taxonomic position. Strains 10A08A
T and 10A08B T were isolated by using the serial dilution technique. Sediment samples (1 g) was added to 9 ml sterile distilled water and mixed by vortexing. A 10-fold dilution of this soil suspension was prepared in sterilized distilled water and 0.1 ml was spread on the medium Gauze's synthetic medium no. 1 (soluble starch, 20.0 g; KNO 3 , 1.0 g; NaCl, 0.5 g; MgSO 4 .7H 2 O, 0.5 g; K 2 HPO 4 , 0.5 g; FeSO 4 .7H 2 O, 10.0 mg; agar, 15.0 g; distilled water, 1.0 l; adjusted to pH 7.0). The strains were cultivated, maintained on glycerol-asparagine agar (ISP 5) (Shirling & Gottlieb, 1966) amended with 3 % NaCl at 37 8C, and stored as aqueous glycerol suspensions (20 %, v/v) at 280 8C.
Strains 10A08A
T and 10A08B T were cultured for 7 and 14 days at 37 8C on modified ISP 5 medium using the coverslip technique of Kawato & Shinobu (1959) , and morphological properties were observed by using a light microscope (BH-2; Olympus) and a scanning electron microscope (Quanta 200; FEI) . Cultural characteristics were observed on various agar media at 15 and 30 days at 37 8C, using standard ISP media described by Shirling & Gottlieb (1966) , Czapek's agar (Difco), nutrient agar (Difco) and potato dextrose agar (PDA; Difco) supplemented with 3.0 % NaCl. Colours of the aerial and substrate mycelia were determined by using colour chips from the ISCC-NBS colour charts (standard sample no. 2106; Kelly, 1964) . Utilization tests of carbon and nitrogen sources were performed according to the methods described by Shirling & Gottlieb (1966) and Athalye et al. (1985) using the basal medium recommended by Pridham & Gottlieb (1948) . Growth at 0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 10.0, 11.0, 12.0, 13.0 and 14.0 % (w/v) NaCl and 5, 10, 15, 20, 28, 30, 37, 40, 45 and 50 8C was examined by growing the strains on modified ISP 5 medium as the basal medium. Growth at pH 4.0-12.0 (at intervals of 1.0 pH unit) was examined in modified liquid ISP 5 medium using the buffer system described by Xu et al. (2005) . Oxidase activity was determined by the oxidation of tetramethyl p-phenylenediamine. Catalase activity was deter-mined by addition of 3 % (v/v) H 2 O 2 , and bubble production was scored as a positive reaction. Hydrolysis of starch, gelatin and Tweens 20, 40, 60 and 80, production of H 2 S, melanin and urease, milk coagulation and peptonization and nitrate reduction were assessed according to methods described by Goodfellow (1971) and Athalye et al. (1985) .
For all chemotaxonomic experiments, cell biomass of strains 10A08A
T and 10A08B T and a related reference strain was grown on modified ISP 5 medium with 3.0 % NaCl for 7 days. They were all cultured in flasks shaken at 180 r.p.m. at 37 8C, harvested by centrifugation at 8000 r.p.m. (for 10 min) and washed twice with distilled water. Fatty acid compositions were determined according to Sasser (1990) by using the standard protocol of the MIDI/Hewlett Packard Microbial Identification System (Sherlock version 6.1; MIDI database TSBA6). The DAP isomer was identified by using TLC as described by Staneck & Roberts (1974) . Whole-cell sugars were separated by HPLC after precolumn derivatization with 1-phenyl-3-methyl 5-pyrazolone . Menaquinones were extracted (Collins et al., 1977) and determined by HPLC (Tamaoka et al., 1983) . Polar lipids were determined according to published procedures (Minnikin et al., 1979; Collins & Jones, 1980) . Genomic DNA was extracted from the isolates as described previously by Li et al. (2007) . The 16S rRNA gene sequences obtained in this study were compared with sequences from EzBioCloud using BLAST (http://eztaxone.ezbiocloud.net/; Kim et al., 2012) . The 16S rRNA gene sequences were aligned with corresponding sequences (retrieved from the GenBank/EMBL/DDBJ database) using CLUSTAL_X 1.83 (Thompson et al., 1997) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms by using the software package MEGA version 5.0 (Tamura et al., 2011) . The topologies of the resultant trees were evaluated by using the bootstrap resampling method of Felsenstein (1985) with 1000 replicates.
The method of Marmur (1961) was used to prepare genomic DNA of the two novel isolates for the analysis of base composition. DNA G+C contents were determined as described by Mesbah et al. (1989) . Quantitative microplate DNA-DNA hybridizations were carried out under optimal conditions as described by Ezaki et al. (1988 Ezaki et al. ( , 1989 . One of the two DNAs for hybridization was labelled, while the other was immobilized, and reciprocal experiments were performed. The concentration of the two DNAs was strictly controlled. Five replications for hybridization were performed for each sample and the highest and lowest values in each sample were excluded. Relatedness values are expressed as the means of the remaining three values, and the results of DNA-DNA hybridization were taken from the means of the two reciprocal relatedness values.
Investigations of 7-and 14-day-old cultures of strains 10A08A
T and 10A08B T revealed that they both formed spore chains with wrinkled surfaces on the aerial mycelium and substrate mycelium that were fragmented at 14 days ( Fig. 1) . Strains 10A08A T and 10A08B T could grow on ISP 3, ISP 5, Czapek's agar and nutrient agar but not on ISP 2 or PDA, while strain 10A08A T could not grow on inorganic salts-starch agar (ISP 4). No pigment was produced on any of the tested media. Aerial mycelium was produced on several media, and the colour of the aerial mycelium and substrate mycelium depended on the medium. Detailed cultural characteristics are shown in Table 1 .
Both strains grew at pH 7.0-11.0 (optimum pH 8.0-9.0). Growth of strain 10A08A
T occurred at 15-40 8C (optimum 37 8C) and 0-8.0 % (w/v) NaCl (optimum 0-3.0 %), while growth of strain 10A08B
T occurred at 10-40 8C (optimum 37 8C) and 0-7.0 % (w/v) NaCl (optimum 1.0-4.0 %). In contrast to the NaCl tolerance of the phylogenetic neighbour Nocardiopsis terrae YIM 90022 T (up to 14 %, w/v), strains 10A08A
T (8.0 %, w/v) and 10A08B T (7.0 %, w/v) were significantly less tolerant of NaCl. The results of other physiological and biochemical analyses are summarized in Table 2 and the species descriptions. The range of substrates utilized as carbon sources could not be determined in this study because of negative reactions caused by extremely poor growth in basal media.
T and 10A08B T exhibited chemical characteristics that are typical of the genus Nocardiopsis. Wholecell hydrolysates contained meso-DAP as the cell-wall diamino acid. Rhamnose, galactose and glucose were present as whole-cell sugars, but diagnostic sugars were not found. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylcholine. In addition, an unknown phosphoglycolipid and an unknown phospholipid were also present (Fig. S1 , available in the online Supplementary Material). Strain 10A08A
T contained menaquinones in the following proportions: MK-9(H 6 ) (34.5 %), MK-9(H 4 ) (22.6 %), MK-10(H 6 ) (19.6 %), MK-9(H 2 ) (9.4 %), MK-10(H 4 ) (8.1 %), MK-9(H 8 ) (2.2 %) and MK-10(H 8 ) (2.2 %). The predominant menaquinones of strain 10A08B
T were MK-10(H 6 ) (29.6 %), MK-9(H 6 ) (21.3 %), MK-10(H 4 ) (20.1 %) and MK-9(H 4 ) (16.4 %); minor menaquinones were MK-9(H 2 ) (4.6 %), MK-10(H 2 ) (3.7 %), MK-10(H 8 ) (2.3 %) and MK-8(H 6 ) (2.0 %). The major fatty acids (.10 %) of the two strains were iso-C 16 : 0 and summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B). The minor fatty acids (.5 %) of 10A08A T and 10A08B T were 10-methyl C 17 : 0 , C 18 : 1 v9c and 10-methyl C 18 : 0 (tuberculostearic acid) and anteiso-C 17 : 0 , C 18 : 1 v9c and 10-methyl C 18 : 0 , respectively (Table S1 ). The cellular fatty acid and menaquinone profiles of strains 10A08A
T and 10A08B T clearly differed from those of their closest phylogenetic neighbour N. terrae YIM 90022 T in both composition and proportions (Tables 2 and S1 ). Additionally, members of the genus Nocardiopsis show a characteristic phospholipid type-III profile (Lechevalier et al., 1977) with phosphatidylcholine as the characteristic polar lipid, plus phosphatidylglycerol, phosphatidylmethylethanolamine, phosphatidylinositol and small amounts of diphosphatidylglycerol. However, the polar lipid patterns of the two new isolates (Table 2) were similar to that of Nocardiopsis quinghaiensis YIM 28A4 T in that they did not contain phosphatidylmethylethanolamine (Chen et al., 2008) . In fact, this phospholipid type was not found in some species of the genus Nocardiopsis, such as Nocardiopsis arvandica HM7
T (Hamedi et al., 2011) , N. sinuspersici DSM 45277
T (Hamedi et al., 2010) , N. litoralis JSM 073097
T and N. kunsanensis HA-9
T (Chun et al., 2000) . The genomic DNA G+C contents of strains 10A08A T and 10A08B T were 70.9 and 71.6 mol%, respectively. Almostcomplete 16S rRNA gene sequences (1560 and 1552 bp) were generated for isolates 10A08A
T and 10A08B T . Comparative 16S rRNA gene sequence analysis showed that the two strains were phylogenetically related to members of the genus Nocardiopsis (Fig. 2) . In the phylogenetic tree of the neighbour-joining algorithm, they clustered with N. terrae YIM 90022 T in same subclade of the genus Nocardiopsis, with the highest sequence similarities of 98.64 and 98.70 %, respectively. The other closest phylogenetic neighbours of the two strains were Nocardiopsis umidischolae 66/93 T (98.00 and 98.07 % sequence similarity, respectively) and N. tropica VKM Ac-1457 T (97.66 and 97.72 %). The topology of the phylogenetic tree was maintained in trees reconstructed using the maximumlikelihood and maximum-parsimony algorithms (Figs S2 and S3). Stackebrandt & Ebers (2006) demonstrated that ,98.5 % 16S rRNA gene sequence similarity is indicative of delineation at the species level. Furthermore, DNA-DNA hybridization was investigated among strains 10A08A
T and 10A08B T and N. terrae YIM 90022 T . The results showed that the hybridization between 10A08A T and 10A08B
T was 42.0 % (¡2.8 %), whereas DNA-DNA ; 3, N. terrae YIM 90022 T . Data were obtained in this study unless indicated. The cell walls of all three strains contained meso-DAP and no diagnostic sugars. All strains were positive for catalase and amylase production, nitrate reduction and utilization of histidine and lysine. All strains were negative for gelatin liquefaction, hydrolysis of Tweens 40, 60 and 80, milk coagulation and peptonization, utilization of phenylalanine and valine and production of H 2 S and melanin. relatedness values between 10A08A T and 10A08B T and N. terrae YIM 90022
T were 53.6 % (¡0.2 %) and 56.5 % (¡2.3 %), respectively. These values are well below the 70 % cut-off point recommended for the delineation of genomic species (Wayne et al., 1987) .
On the basis of phenotypic, chemotaxonomic and phylogenetic analysis and DNA-DNA hybridization data, we conclude that strains 10A08A
T and 10A08B T represent two different novel species within the genus Nocardiopsis, for which the names Nocardiopsis oceani sp. nov. and Nocardiopsis nanhaiensis sp. nov. are proposed.
Description of Nocardiopsis oceani sp. nov.
Nocardiopsis oceani (o.ce.a9ni. L. gen. n. oceani of the ocean).
Gram-stain-positive, moderately halophilic, facultatively alkaliphilic, non-motile, obligately aerobic, filamentous actinomycete. Good growth occurs on most media tested, with no production of pigments. Forms pale orange-yellow or dark yellowish-brown aerial mycelium and light orangeyellow or dark yellowish-brown substrate mycelium. Substrate hyphae and aerial mycelium are well developed and fragmented with age. At maturity, short, straight spore chains are borne on aerial hyphae and substrate mycelium, which fragment into rod-shaped, non-motile spores. Growth occurs at pH 7.0-11.0 (optimum pH 8.0-9.0), 15-40 uC (optimum 37 uC) and 0-8.0 % (w/v) NaCl (optimum 0-3.0 %). Positive in tests for production of catalase, amylase and nitrate reductase. Negative in tests for production of H 2 S, melanin, urease and oxidase, milk coagulation and peptonization and hydrolysis of gelatin and Tweens 20, 40, 60 and 80. Utilizes L-lysine, L-methionine and L-histidine as sole nitrogen and energy sources, but L-alanine, L-phenylalanine, L-valine and glycine are not utilized. No diagnostic whole-cell sugars. Predominant menaquinones (w5 %) are MK-9(H 2 ), MK-9(H 4 ), MK-9(H 6 ), MK-10(H 4 ) and MK-10(H 6 ). The polar lipids consist of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, an unknown phosphoglycolipid and an unknown phospholipid. The major fatty acid components (w10 %) are iso-C 16 : 0 and summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B).
The type strain is 10A08A T (5DSM 45931 T 5BCRC 16951 T ), isolated from a sample collected from the South China Sea (13u 58.4989 N 113u 2.3539 E) at a depth of 2460 m. The genomic DNA G+C content of the type strain is 70.9 mol%.
Description of Nocardiopsis nanhaiensis sp. nov.
Nocardiopsis nanhaiensis [nan.hai.en9sis. N.L. fem. adj. nanhaiensis pertaining to Nanhai (the South China Sea), where the type strain was isolated].
Gram-stain-positive, moderately halophilic, facultatively alkaliphilic, non-motile, obligately aerobic, filamentous actinomycete. Good growth occurs on most media tested, with no production of pigments. Forms yellow-white or light to pale orange-yellow aerial mycelium and yellow-white or light to pale orange-yellow substrate mycelium. Substrate hyphae and aerial mycelium are well developed and fragmented with age. At maturity, short, straight spore chains are borne on aerial hyphae and substrate mycelium, which fragment into rod-shaped, non-motile spores. Growth occurs at pH 7.0-11.0 (optimum pH 8.0-9.0), 10-40 uC (optimum 37 uC) and 0-7.0 % (w/v) NaCl (optimum 1.0-4.0 %). Positive in tests for production of catalase, amylase and nitrate reductase. Negative in tests for production of H 2 S, melanin, urease and oxidase, milk coagulation and peptonization and hydrolysis of gelatin and Tweens 20, 40, 60 and 80. Utilizes L-lysine and L-histidine as sole nitrogen and energy sources, but L-alanine, L-methionine, L-phenylalanine, L-valine and glycine are not utilized. No diagnostic whole-cell sugars. Predominant menaquinones (w5 %) are MK-9(H 4 ), MK-9(H 6 ), MK-10(H 4 ) and MK-10(H 6 ). The polar lipids consist of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, an unknown phosphoglycolipid and an unknown phospholipid. The major fatty acid components (w10 %) are iso-C 16 : 0 and summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B).
The type strain is 10A08B T (5CGMCC 47227 T 5BCRC 16952 T ), isolated from a sample collected from the South China Sea (13u 58.4989 N 113u 2.3539 E) at a depth of 2460 m. The genomic DNA G+C content of the type strain is 71.6 mol%.
